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A Study on Low Velocity Impact and Residual Compressive Strength
for Carbon/Epoxy Composite Laminate
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Abstract

Damage induced by low velocity impact loading in aircraft composite laminates is the form of
failure which is occurred frequently in aircraft. Low velocity impact can be caused either by
maintenance accidents with tool drops or by in-flight impacts with debris. As the consequences of
impact loading in composite laminates, matrix cracking, delamination and eventually: fiber breakage for
higher impact energies can be occurred. Even when no visible impact damage is observed, damage can
exist inside of composite laminates and the carrying load of the composite laminates is considerably
reduced. The reduction of strength and stiffness by impact loading occurs in compressive loading due
to laminate buckling in the delaminated areas.

The objective of this study is to determine inside damage of composite laminates by impact loading
and to determine residual compressive strength and the damage growth mechanisms of impacted
composite laminates. For this purpose a series of impact and compression after impact tests are carried
out on composite laminates made of carbon fiber reinforced epoxy resin matrix with lay up pattern of
[(£45)(0/90)]s and [(£45)(0):(90)0):(£45)]. UT-C scan is used to determine impact damage
characteristics and CAI(Compression After Impact) tests are carried out to evaluate quantitatively
reduction of compressive strength by impact loading.
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Table 2. Mechanical properties of laminates

Mechanical property Ei(GPa) E2(GPa) Gi12(GPa) v
HFG HT145/RS1222(UD) 121.92 7.64 3.58 0.328
HFG HT193/RS1222(Fabric) 62.34 62.34 3.43 0.045

Table 3. Mechanical properties of laminates

Mechanical property Ei(GPa) v
Lay-up A 4519 0.29
Lay-up B 86.52 0.391
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Fig.1 Configuration of CAI test specimen

Fig.2 Schematic of CAI test
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Fig.3 Typical impact load history and
energy history

- 252 -



THol ANEH dAdA AR gy A

oz ¥e %59 24 38 e Agud
$HEe FE Aztol FolR So] FpHo)
g0

Fig. 4% 27} lay-up A%} lay-up BY £Z A&
Hel F485e wade o gojAE dyxA
Wt WE % oy AEE Jehd oo
lay-up A= 225, lay-up B 2.9052] FZ ol x|
B 2 &4 AAH] AT T kA A9
MM =% F4 U7t Foigdd wa &
d AN wEe A9 dAsHed
843.03N, 866.69N°|Ath. Eg lay-up AE
AAF AR @ S Rt FAA 2
2 Hg stz olgrizx yigoez g
A lay-up B lay-up ART} 71 #7242 714
O
S

B o J
LA A

o Hd §F B2 59 7} ol

&S 7HE 7 =8 #rh layup A9
Z #ho) Aty JE AzY HeE

dEol 7] mie FANYRY PYRrEo)
AlgHe]l #Fo] AFEEY] WFe) A
7 EAEE F2ho] oy A%

D
359 37} Qo) Be AL A=

4 > o o rE:ﬁSYEl:J flo rr
o (o
-p_\i

TRl Aoy Hu &% RIA dF F7
o] IF Ftol AU A HEAL S A
Auind 08419 A9 12.5msecoln] EZH o
9 F7tE A £x9 FItE HE A7bo] 2.92)
Yojol 1125msec7tA AT agm ga] &
T4 dtFol AA FTUheA ¥E 431%HE

HE Aol 13.0msec7tA] Z7}atch o] LA
Mzrol ZAasigrt #AA] Fulg olge
of A dé& 9 PFo] LAY

v =% lay-up BE= lay-up AY
AN B4 JdEtdyn o £33 &4
29019 FAAUARE SAHAY, EF
Z AIZFY] 9 0.86191A 10.95msecd 7t
2 N7t FAETE gasto 981UY
9.45msec7t4] ZAEAt 28 lay-up
gl Hol 54 8% A FUEA ¢
TA7) T8 J/E: Ao A F"E

2 8 N > do oM o v g
rlr o mx rr e

> 8O o X oo¥ & o o oy &

fo s
X

1800

——— CAI-S8- 4084 4}

- CAI-$B-25(2.25 )
CAL-SB-10{2.92 J)
CAL-SB-15(4.31 J}
CAL-SB-18(5.75 J)

- - -~CAI-SB-22(7.03 J)
- - - -CAI-SB-23(8.43 )

Force {N)

[ 2 4 6 8 10 12 14
Time (msec)

(a) Lay-up A

2500

—— CALOD-28(0 86 J)
,,,,,, CAL-OD-241.51 J)

CAIOD-23(290 J)
- = - CALOD-20(5.54 )
= CAIOD-10(8.42 J)
...... CAI-OD-14(9.81 )

1500 [—

1000 |-

Force (N)

500 -

Time {msec)

(b) Lay-up B
Fig.4 Load vs. time histories for the variation
of impact energy

2500

@ LlayupB
2000 S °
3 &
§ 1500 |
5 Py %
E § g & &
1000 |-
E &
g 4
soo b @
o . L .
0 3 6 9 12
Impact Energy {J)
Fig5 Inpact energy vs. maximum foroe arve
e HolA] gort o] layup BY H$ $37
AlgH BEo] BAHA] AL &+ Yok

Fig. 52 37 8% o9 dE=2Rg oA 3

- 253 -



7 iR e HAd F2 8F BAE ved Ro)
o 4 AuAst ot o Hg 2 8
9 F7Mgol Zade oft AFHA FZ
o) TG zN HFAol ZA2FgL 9rlstn
1t} lay-up A9l A$ 428J7A = 27 oA
7t A wel Hdg FAEF FA%Y o
T 42819 FZUXA o]ido] Hu FA A7}
F7HE Y 2355 1240N SWoA A9
At o)y 4A 27 P Aguda B
Azo] AlgHo| BEHII] GE
of A9, NdHe T2 &40z g B4
AL B layup A%} Zo] AW 4 §lF0
A He 99 vdehdA 2

1y

;0

Wy 2 ofy
_gﬂ
)
g
<
a=]

e b

o rd
Sk

32 SH&4ETL

T4 &4 71A € F 2ol s A
e, SAEYe 34 FHAS A FEH
duHol Aot 71A FEE FZF AN shat
T F4L 22 uE ol FolA 2AHY F3
22 A ojdel W oA Ar]eA Ay
71 AR 7+ AEE ofddlAM F RE
AE A5 Ae 71A dL2RE AAEHY F

=9 ot &3 HH2 Mygdnh

74 88 e AgHEY & f59 &4
d9e Frtstr]l HsiA AldHo] oo ugiy
ZAI UT C-scand ©) 43I Th Fig. 6& 8.4)9
2 JdUAE B2 lay-up AS} lay-up Bol

UT Cescan 373& JERAY. lay-up A= BS54
zHxart 25 Hzd HHE FAH
71 WEo F73 F &4 o) A FHAZy
B¢goz velvm glth wrdel lay-up BE B9
B Azd TZyaz F4H dx R
0" ¢ 90" W3 v WE Tzgaz F
Hojgly] W&o 0" gz 71 BF Yo
4 B4l ved

Fig. 72 UT C-scan ZHZHE Aig £3
&4 498 Fd 53 3ol O Axol.
AES A A B9 dF90=2 Yyg £ I
AA A 7 5L 3
AA=HA gun 71A 2go] &)
Hd F7 stFol FrrstEA &4 3
e FHog A" 71X ZPo] A
2 AdAM FREHT A o
%34 379 7t g &4 99

32

e

B oox

(a) Lay-up A (b) Lay-up B

Fig.6 UT C-scan image for impact energy 8.4]

2500

B Lay-upA
@ Lay-upB 0 o
2000
X
o -]
3 e®
@ 1500 }-
5 &Eee
w
[:]
g 1000 |- %
'5 [::]
=
500 [ ]
0 ) L L L s
¢ 200 400 600 300 1000

Damage Area (mm’)

Fig.7 Damage area vs. maximum force curve

Fo2 Be Af Féo] AT A
#Eol HAE: FYolth lay-up AT &4
#wHo] 15mm’ A AA P Gy
} 49 dxo] 100mm’7AA 7 F oHA 44
ol Al F4 stF FI o] &4 3
7hste F-dol Al WA FEe Al
o &3t layup BE &4 99 @
40mm*7HA7E RA G G 1 o
5 8 94 g3tk olFA lay-up BAWA
e 90l HE dAe AldH Ui A7

0° o S dFv= A= 7] WEelch

A

=
-

2 ¢l

or B i ot

ofN | P of oot

AN

¢

33 34 F o5 4

Fig. 82 FAN Ul e AFAE Fogol
et Mxojtth lay-up A9} lay-up Bol i 6| &
2 AgHe g2 A= 2zt 38346 MPa,
49253 MPa°|th, £33 & AFAEA 53 &4
o] EAdt: AFHL &40 AFgH Fdoz

- 254 -



B Lay-upA
® LayupB

o

Strength reduction, o /o

Impact Energy {J)

Fig.8 Residual
impact energy per thickness

compression strength of

F48 AHHEAN AEHA oW Lay-up A%
Lay-up Bol Wigt Hu g=74% 7ase 2z}

g
46%, 43%°] 1T},

45X00Is3) ((£45)
FNFA BgAR A

Loy

1. Lay-up A9} lay-up Bol tl3g+ %7
ERE &4o] #Asy] AlFEe 22 duA
oYz ue i‘o" Al stE A

L BE oy A # 35S AFHo

W,

Ha drzRe 7
949, 4 5

M

@

3)

C))

3

©®

Q)

®

&4 del FTrlste Fez BE HAH gL
R #Eol FAHE FHoE FEE F qUvh

4. 4 T ASZAEA FE &40 EAste Al
P digte] &) AlPHE SHoz FAI
AHAHARA gE5% o Lay-up A9 Lay-up Bell
ek Ha hEAE BAES Zh7 46%, 43%0)
ped=2

s

M. Matsushima, Y. Hayashi,
tal Findings in Compression -After-Impact (CAI)
Tests of CF/ PEEK (APC-2) and Conventional
CF/ EPOXY Flat Plates:, Composites Science
and Technology, 55(1995), 349-363

C. Soutis, P.T. Curtis, Prediction of the Post-
Impact Strength of CFRP
Laminated Composites, Com- posites Science
and Technology, 56 (1996), 677-684

Damodar R. Ambur, Heather L. Kemmerly,

Some Experimen-

Compressive

Influence of Impactor Mass on the Damage

Characteristics and  Failure  Strength  of
Laminated Composites , AIAA 98- 1784,
724-732

Damodar R. Ambur, James H. Starnes, Effect

of Curvature on the Impact Damage Charac-
teristics and Residual Strength of Composite
Plates , AIAA 98-1881, 1556-1566

#Hod, H8&5, T4, Graphite/ Epoxy
Graphlte/PEEK E@X—i%—-"&ﬂ A& 457 &
R o4EZEd de 29Y 44, BF2Y
AEstg A, A6H, A2F (1993), 69-79
L. Reis, M. de Freitas, Damage growth

ol
=

analy-
sis of low velocity impacted composite panels,
Composite Structures, 38(1997), 509-515

G. A. Bibo, P.J. Hogg, The role of reinforce-
ment architecture on

impact  damage

mechanisms and  post-impact

J of Materials

compression

behaviour, Science, 31(1996),
1115-1137

ARAE, TF
ol e AT,

29,



